Abstract. The biological markers CXCR4, HER2 and CD44 are involved in tumor growth and the homing of cancer cells to distant sites. The aim of this retrospective, case-control study was to evaluate whether the expression of CXCR4, HER2 and CD44 correlated with poor prognosis. Expression levels of CXCR4, HER2 and CD44 were evaluated by immunohistochemical staining in paraffin-embedded tissue sections of malignant primary osteosarcoma and related metastatic carcinoma from 63 patients, at a median follow-up of 5.5 years (range 1-10 years). Associations between these parameters and clinical features were examined. Of the 63 specimens, there were 38 HER2-positive, 57 CXCR4-positive and 62 CD44-positive cases. There were 36 cases of HER2 and CXCR4 co-expression, 38 cases of HER2 and CD44 co-expression and 56 cases of CXCR4 and CD44 co-expression. A total of 33 cases were CXCR4, HER2 and CD44 co-positive. Surface expression of CXCR4, HER2 and CD44 was high in the selected tissue samples, and CD44 was the most highly expressed. We observed a significant trend for a higher frequency of the expression of the three biomarkers in high-grade compared to low-grade osteosarcoma. Our results suggest a pivotal role of CXCR4, HER2 and CD44 expression as a prognostic factor of malignant human osteosarcoma. A larger study is ongoing to confirm these results.
Introduction
At present, the ability to predict prognosis at diagnosis in osteosarcoma is limited. The most significant predictor of outcome at diagnosis is the presence of metastases. However, 20% of patients who present at diagnosis with metastatic disease have an extremely poor prognosis. The metastases predictor is of no use to the remaining 80% of patients who present with local disease only. In these patients, a limited number of determinants that predict outcome have been identified. Some of the biological factors evaluated thus far as potential prognostic factors in osteosarcoma are the expression of CXCR4, human epidermal growth factor receptor-2 (HER2) and CD44.
CXCR4 expression on tumor cells is upregulated by hypoxia and angiogenic factors, including vascular endothelial growth factor (VEGF) (1) . It is capable of directing the trafficking of normal and malignant cells to organs that express high levels of stromal cell-derived factor-1 (SDF-1), including the lymph nodes, lungs, liver and bone, as well as acting as a co-receptor for the entry of human immunodeficiency virus in CD4(+) T cells. More importantly, CXCR4 has been found to be a prognostic marker in various types of cancer, including leukemia and breast cancer, and recent evidence has highlighted the role of CXCR4 in prostate cancer (2) .
The HER2 proto-oncogene (also known as HER2 neu or c-erbB-2) is located at 17q21 and encodes a 185-kDa transmembrane tyrosine kinase glycoprotein with extensive homology to the epidermal growth factor receptor (3). Amplification of this gene with overexpression of the gene product occurs in approximately 30% of cases of breast cancer and is considered to be a poor prognostic indicator for this tumor. In certain other types of tumors, such as ovarian and lung cancer, enhanced expression of HER2 has been associated with increased tumorigenicity and metastatic potential or with resistance to chemotherapeutic agents. In musculo-skeletal tumors, the expression of HER2 at diagnosis has been analyzed in soft-tissue sarcoma (4, 5) , and among bone neoplasms in Ewing's sarcoma (6) and osteosarcoma (7) . However, results for HER2 expression in osteosarcoma are controversial, with some studies reporting up to 61% of positive cases and others reporting only negative results. Furthermore, the expression of HER2 is reported to be an unfavorable prognostic indicator by some groups and a favorable one by others, one study even indicated a positive association between increased levels of HER2 and improved survival rates (8) .
CD44 was previously thought to be a transmembrane adhesion molecule, which also played a role in the metabolism of its principal ligand hyaluronan. It may exist in three distinct physical phases, as a transmembrane cell surface receptor, (9) . One of the most significant predictors of outcome in osteosarcoma is the histological response of tumors to preoperative chemotherapy. The purpose of this study was to investigate whether the immunohistochemical detection of CXCR4, HER2 and CD44 protein at diagnosis may identify high-risk groups of osteosarcoma patients by predicting clinical outcome. Their contributions as biomarkers of tumor behavior as well as potential therapeutic targets may be confirmed by further studies.
Materials and methods

Samples.
A total of 63 osteosarcoma samples were obtained from patients who underwent surgery at the Orthopaedic Oncology Center of Tangdu Hospital (China). Of the 63 patients, 33 were male and 30 were female (Table I ). Patient ages ranged from 8 to 42 years (mean 16 years). The osteosarcomas were subclassified as osteoblastic (n=38), chondroblastic (n=2), fibroblastic (n=4), telangiectatic (n=2), small round cell tumor (n=2) or mixed (n=3). The specimens were obtained from the primary site in 51 patients and from the metastatic site in 12 patients. The location of the tumors were distal femur (n=31), proximal tibia (n=10), proximal humerus (n=4), pelvis (n=7), fibula (n=1), thoracic vertebra (n=2), thyroid (n=1), lung (n=1) and other locations (n=6). All patients or their guardians provided written informed consent for participation in this study. The study was approved by the ethics committee of the hospital.
Methods. Patients received therapy according to the CCG 7921, Regimen A, with minor modifications. Induction chemotherapy with cisplatin, doxorubicin and high-dose methotrexate with leucovorin rescue preceded definitive surgical resection. Following recovery from definitive surgery, patients received maintenance chemotherapy with cisplatin, doxorubicin and high-dose methotrexate with leucovorin rescue. The chemotherapy efficacy was assessed histologically using the Huvos grading system. In this system, four grades have been described: Grade Ⅰ, little or no evidence of necrosis; Grade Ⅱ, tumor necrosis of 50-90%; Grade Ⅲ, necrosis between 90-99%; and Grade Ⅳ, 100% necrosis. The chemotherapy responses were classified as Grade Ⅰ (n=29, 46%), Grade Ⅱ (n=15, 24%), Grade Ⅲ (n=12, 20%) and Grade Ⅳ (n=7, 10%). Tumor specimens were reviewed by a pathologist to ensure that there was <30% contamination with normal stromal cells.
Immunohistochemistry. The protein expression of CXCR4, HER2 and CD44 was examined by immunohistochemistry of 4-µm sections using an avidin-biotin immunoperoxidase assay on optimal cutting temperature (OCT)-embedded frozen blocks. Sections were incubated with a primary antibody against CXCR4 (1:100 dilution; Santa Cruz Biotechnology, Santa Cruz, CA, USA), HER2 (1:100 dilution; Santa Cruz Biotechnology) and CD44 (1:200 dilution; Santa Cruz Biotechnology). Subsequently, the sections were incubated with biotinylated secondary antibodies, followed by avidinperoxidase, which formed a complex. Diaminobenzidine (1:50) was used as the final chromogen and hematoxylin was used as the nuclear counterstain. The intensity of immunostaining was scored as negative, low-, medium-and high-positive by a pathologist, blind to patient identity and clinical information. For each parameter, the immunostaining in patient samples was compared with normal bone tissue as a control. 
Results
A total of 63 patients were entered into the study. Archival pathological material were identified from all the patients.
The clinical characteristics recorded are outlined in Table I . CXCR4 staining was positive in 57 out of 63 patients (90.4%), HER2 staining was positive in 38 out of 63 patients (60.3%) and CD44 staining was positive in 62 out of 63 patients (98.4%). There were 36 patients with HER2 and CXCR4 co-expression, 38 patients with HER2 and CD44 co-expression and 56 patients with CXCR4 and CD44 co-expression. In addition, there were 35 patients with CXCR4, HER2 and CD44 co-positive staining. Positive staining was predominantly restricted to the membrane and cytoplasm (Fig. 1) . We observed an association between HER2 and metastatic disease. Presence of metastases was related to HER2 protein expression. There were more (p=0.024) metastases in HER2-positive patients (12 out of 38 versus 0 out of 25, respectively) (Table II) . However, there was no evidence to show that metastases were related to CXCR4 and CD44 (p=5.152; p=7.853, respectively) (Tables III and IV) . We also found that samples demonstrating CXCR4, HER2 and CD44 co-expression exhibited a higher aggressiveness according to the follow-up study; 71.4% of cases that were CXCR4, HER2 and CD44 co-positive exhibited poor clinical outcome, were amputated or deceased (Table V) .
Discussion
Osteosarcoma is also known as osteogenesis sarcoma, and its morbidity ranks second only to plasma cell myeloma. Approximately 20% of primary osteosarcomas metastasize, 
Metastatic disease Number of patients ----------------------------------------------------------HER2 (+)
HER2 (-)   Yes  12  0  No  26  25 HER2, human epidermal growth factor receptor-2. Table III . CXCR4 expression and metastatic disease. Table IV . CD44 expression and metastatic disease.
Metastatic disease Number of patients -------------------------------------------------------------CXCR4 (+) CXCR4 (-)
Yes 9 3 No 48 3
Metastatic disease Number of patients -----------------------------------------------------------CD44 (+)
CD44 ( and patients frequently succumb to the disease as a result of pulmonary metastases or diffused metastases. In recent years, the survival rate of patients suffering from osteosarcoma has markedly improved as the effectiveness of chemotherapy has progressed. However, the 5-year survival is only 55-65%, and 2-year survival in patients with pulmonary metastases is less than 25% (10) (11) (12) . At present, there are no definite biomarkers at the early diagnosis stage. Thus, it is difficult for surgeons to decide what measures should be taken according to the malignancy. In all instances, there is not only one gene that contributes to the malignancy of tumors. In this study, we obtained samples from 63 high malignancy osteosarcoma patients. We determined the frequency of CXCR4, HER2 and CD44 expression, and preliminarily determined whether these markers predicted the clinical outcome. The major limitation of the present study is that it is an immunohistochemical analysis of an existing patient cohort. Although this group represents all material available from a single large institution, in any analysis of this type, the results should be considered exploratory. Any associations identified may not necessarily be causal. Caution should be taken in interpreting data. In particular, our primary clinical parameters being assessed were Huvos grade and metastases. Limited sample size severely curtails the power of the study. Negative results cannot be interpreted as a non-existent association, and the ability to analyze subgroups was limited. Despite these limitations, noteworthy results were obtained. Validation of these results in a subsequent prospective patient cohort may lead to the identification of predictive and prognostic factors, confirming the utility of reporting these results.
Our results reveal that CXCR4, HER2 and CD44 are positive in 90.4, 60.3 and 98.4% of the collected samples, respectively. As the samples selected in this study were all samples of highly malignant disease, the expression of CXCR4, HER2 and CD44 were much higher than those in other tumor specimens that were collected randomly (data not shown). Therefore, these data relate only to the characteristics of much more aggressive osteosarcomas, not an average level. We may speculate that aggressiveness is simultaneously related to the three molecules in osteosarcoma.
We also found an association between HER2 expression and metastatic disease. Of 12 metastatic samples, all 12 were HER2-positive. In bone tumors, several studies on HER2 have been performed for osteosarcoma and Ewing's sarcoma, the two most common types of neoplasms of the skeleton, but the findings reported thus far are contradictory (13) (14) (15) (16) (17) . Particularly for osteosarcoma, the data reported are paradoxical, ranging from studies in which HER2-increased expression was detected in 63% of patients (14) to other studies in which it was uncommon or even absent (13, 15, 17) . Moreover, as extensively discussed by Anninga and colleagues (17) , inconsistent findings have also been reported with regards to HER2 status and its prognostic significance. In certain studies, the increased levels of the HER2 protein at diagnosis resulted in an association with poor histological response to chemotherapy and/ or a poorer clinical outcome (16) , whereas other reports did not show any correlation between HER2 and poor treatment response or prognosis (14) .
Discrepancies may have arisen from several sources, including differences in technical approach, tissue processing, antibodies used for the assay, result interpretation and treatment protocols. In this study, we assessed the expression of HER2 in homogeneously treated samples, the immunohistochemical detection was performed with extensively validated monoclonal antibodies, for which no cross-reactivity with other cellular antigens has been reported. Our results have shown that 38 cases out of 63 samples were HER2-positive (ranging from low-to high-positivity). Combined with the clinical characteristics, we found that all the metastatic specimens were HER2-positive, with statistical significance. This is of vital importance in early diagnosis and when administering individualized therapy.
The chemokine receptor CXCR4 is involved in tumor growth and the homing of cancer cells to distant sites (18) , as well as angiogenesis (19) and cancer progression (20) . In the present study, CXCR4 staining was positive in 57 out of 63 cases. However, there is no evidence to show that it is associated with metastases (p=5.152).
The adhesion molecule CD44 is often reported in lymphocytes, macrophages and mesenchymal stem cells. It participates in a wide variety of cellular functions including lymphocyte activation, recirculation and homing, hematopoiesis and tumor migration. Takahashi et al reported that the expression of CD44 on tumors has been described to, not only affect metastatic spread, but also tumor growth (21) and induction of oncogenes, including ras. In the samples we collected, CD44 was 98.4% positive in 63 patients, and the majority of these were strongly positive. We can thus deduce the relationship between CD44 and high malignancy. However, as with CXCR4, there is no evidence to correlate the significant relationship with metastatic disease in our cohort (p=7.853).
Among the CXCR4, HER2 and CD44 co-positive cases, there were 9 patients with amputation, 16 patients succumbed to the disease and only 10 survived, as the data of the 10-year follow-up study revealed. A total of 71.4% (25/35) of the co-positive cases who presented with poor outcome underwent Table V. CXCR4, HER2 and CD44 expression and follow-up study.
Follow-up Number of patients -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------CXCR4 (+)
HER2 (+) CD44 (+) All three markers (+)   Amputee  5  10  14  9  Deceased  13  13  23  16  Survival  39  15  25  10 amputation or succumbed to the disease. Tumor progression is known to be a multi-factorial process. We speculated that the three genes may interact with each other, and that the effect of co-expression is far stronger than simply adding their individual effects together. Therefore, deletion of the three genes may effect tumor progression. We examined CXCR4, HER2 and CD44 in highly malignant human osteosarcoma. HER2 is overexpressed in a substantial proportion of patients with metastases, confirming previous studies demonstrating this relationship in several other types of cancer. In particular, we have identified an adverse role of CXCR4, HER2 and CD44 co-expression in the progression of osteosarcoma according to the follow-up study, exhibiting higher aggressiveness and poor clinical outcome. Therefore, targeting CXCR4, HER2 and CD44 together has become a crucial area for cancer therapy research. Using small hairpin RNAs to target the expression of the three genes in human osteosarcoma may inhibit the growth and distribution of tumor cells, and even improve survival. This direction of investigation shows promise for the development of more efficient cancer therapies for osteosarcoma.
